Difficult intubation, inadequate ventilation and esophageal intubation are the principal causes of death or brain damage related to airway manipulation. The objective of this cross-sectional study was to correlate a preanesthetic evaluation that may be capable of predicting a difficult intubation with the conditions encountered at laryngoscopy and endotracheal intubation. Eighty-one patients submitted to general anesthesia were evaluated at a preanesthetic consultation according to the modified Mallampati classification, the Wilson score and the American Society of Anesthesiologists (ASA) difficult airway algorithm. Findings were then correlated with the Cormack-Lehane classification and with the number of attempts at endotracheal intubation. No statistically significant correlations were found between the patients' Mallampati classification and their Cormack-Lehane grade or between the Mallampati classification and the number of attempts required to achieve endotracheal intubation. Laryngoscopy proved difficult in four patients and in all of these cases the Wilson score had been indicative of a possibly difficult airway, highlighting its good predicting sensitivity. However, the specificity of this test was low, since another 24 patients had the same Wilson score but were classified as Cormack-Lehane I/II. Moreover, two patients who had a Wilson score ≥ 4 were also classified as Cormack-Lehane grade I/II. The study concluded that the Wilson score, although seldom used in clinical practice, is a highly sensitive predictor of a difficult airway; its specificity, however, is low.
Introduction
Difficult airway management is one of the principal challenges faced by anesthesiologists in their routine practice. Data published by the American Society of Anesthesiologists (ASA) show that, despite the decline registered over recent decades, adverse respiratory events were involved in 32% of all lawsuits raised against anesthesiologists in the 1990s. Difficult intubation, inadequate ventilation and esophageal intubation were the principal factors responsible for death or brain damage [1] . routine preoperative tests with their respective undesirable results (possible predictors of a difficult airway) [5] . Nevertheless, the diagnostic accuracy of airway assessment tests has varied significantly in the different studies, probably as a function of variations in the incidence of difficult intubation, which may be explained by the constitutional differences in the individual patients and in the populations evaluated [3] .
The objective of the present study was to correlate the findings of the modified Mallampati classification, the Wilson score and the ASA difficult airway algorithm with the conditions encountered at conventional direct laryngoscopy (Cormack-Lehane classification) and at endotracheal intubation.
Methods
Following approval by the institution's internal review board, a cross-sectional study was conducted at the Instituto de Medicina Integral Professor Fernando Figueira (IMIP), Recife, Pernambuco, Brazil, between December 2010 and November 2011.
The study inclusion criteria consisted of patients of either sex in the 18 -65 year age group, with an ASA physical status classification of P1, P2 or P3, who required endotracheal intubation for general anesthesia. Pregnant women, patients with cognitive deficiencies or with any pathology that could alter the anatomy of the face or neck were excluded.
Following selection, and after all the patients had signed an informed consent form, a preanesthetic evaluation was performed by the anesthesiologist and/or a resident anesthesiologist.
At the time of airway assessment, three data sets were obtained: the patient's modified Mallampati classification (I, II, III or IV) ( Figure 1) ; the Wilson score, which takes five factors into consideration: weight, head and neck mobility, jaw movement, retrognathia and buck teeth ( Table 1) ; and finally, the ASA difficult airway algorithm, in which each undesirable result is awarded one point ( Table 2) .
In the operating theater, the patient was placed in the dorsal decubitus position and in the sniffing position, which consists of flexing the neck and then extending the head. A pillow is used to support the head sufficiently high so as to ensure that the external auditory meatus and the sternal notch are aligned horizontally [6] .
With the patient duly in position, general anesthesia was induced with the standard drugs used in this institute. A neuromuscular blocking drug, atracurium, was then given to all patients at a dose of 0.5 mg/kg. Once the 5-minute latency period was over, laryngoscopy was performed using a conventional laryngoscope with a Macintosh blade # 3, 4 or 5, and the patient was then classified as Cormack-Lehane grade I, II, III or IV (Figure 2) . Due to the fact that the IMIP is a teaching institute, laryngoscopy was performed by the resident anesthesiologist scheduled for that particular procedure. This resident may have been in the first, second or third year of the residency program. Classification was then confirmed by the chief anesthesiologist. In cases of discordance, the classification suggested by the chief anesthesiologist prevailed. Endotracheal intubation was then performed, with the number of attempts required until successful intubation, or the impossibility of endotracheal intubation, being recorded.
Data concerning sex, weight, height, body mass index (BMI) and ASA physical status classification were recorded. The variables analyzed were: the modified Mallampati class, the Wilson score, the ASA difficult airway algorithm, the Cormack-Lehane grade and the number of endotracheal intubation attempts.
For the purposes of data analysis, the patients were subdivided into groups for each index: Mallampati I/II or Mallampati III/IV; a Wilson score of 0/1 or 2/3 or ≥4; ASA difficult airway algorithm ≤6 or ≥7; Cormack-Lehane grade I/II or III/IV; number of attempts at intubation: ≤2 or >2 or failed intubation. The Epi Info software program, version 3.5.3 was used and Fisher's exact test and the chi-square test were applied in the statistical analysis. Results with p-values <0.05 were considered statistically significant.
Results
The sample consisted of 81 patients, more than half of whom were female. Mean age was 44 years and mean BMI was 27. The predominant ASA physical status classification was I/II ( Table 3) .
A Mallampati classification of I/II was found in 52 pa- Table  4) .
Mobility of the head and neck
Seventy-seven patients (95.1%) were classified as Cormack-Lehane grade I/II, while 4 patients (4.9%) were considered grade III/IV. Overall, 97.5% of the patients (n = 79) were intubated at the first or second attempt; howver, in one patient (1.2%) more than two attempts were e required and in another (1.2%) intubation proved impossible with the use of a conventional laryngoscope, requiring the use of a gum elastic bougie (i.e. a straight, semi-rigid stylette-like device), as a guide through which intubation was achieved. When the modified Mallampati and Cormack-Lehane classifications were correlated, it was found that, of the 52 patients who were Mallampati class I/II, 50 (96.2%) were Cormack-Lehane grade I/II, while 2 (3.8%) were grade III/IV. Of the 29 patients classified as Mallampati III/IV, 27 (93.1%) were Cormack-Lehane grade I/II, while 2 (6.9%) were grade III/IV. No statistically significant correlations were found (p = 0.54) ( Table 5 ).
All 51 patients with a Wilson score of 0/1 were classified as Cormack-Lehane I/II. Of the 28 patients with a Wilson score of 2/3, 24 (85.7%) were classified as Cormack-Lehane I/II, while 4 (14.3%) were grade III/IV. The two patients who received a Wilson score ≥ 4 were Cormack-Lehane grade I/II. This correlation was statistically significant (p = 0.01) ( Table 6) .
When the modified Mallampati classification was correlated with the number of attempts at intubation, it was found that of the 52 patients classified as Mallampati I/II, 50 (96.2%) were intubated at the first or second attempt, while in one case (1.9%) more than two attempts were required, and in another case (1.9%) intubation proved impossible using the conventional laryngoscope. All 29 patients classified as Mallampati III/IV were successfully intubated at the first or second attempt; with no statistically significant correlations being established (p = 0.56) ( Table 7) .
All the patients with a Wilson score of 0/1 were intubated at the first or second attempt. Of the 28 patients with a Wilson score of 2/3, 26 (92.9%) were intubated at the first or second attempt, while in one case (3.6%) more than two attempts were required and in another case (3.6%) intubation proved impossible with the conventional laryngoscope. The two patients with a Wilson score ≥ 4 were intubated at the first or second attempt. Therefore, no statistically significant correlations were found (p = 0.42) ( Table 8) .
The correlation between the Cormack-Lehane classification and the number of endotracheal intubation attempts showed that of the 77 patients classified as Cormack-Lehane I/II, 76 (98.7%) were intubated at the first or second attempt, while in one case (1.3%) more than two attempts were required to achieve successful intubation. Of the four patients classified as Cormack-Lehane III/IV, 3 (85%) were intubated at the first or second at-tempt, while in one case (25%) intubation proved impossible. This correlation was statistically significant (p = 0.0001) ( Table 9 ).
Discussion
In anesthesiology, airway assessment at the preanesthetic consultation has been found to constitute a moment of extreme importance, and investigators in this field are constantly searching for better predictors of a difficult airway. The most commonly used tests for predicting difficult intubation include the Mallampati score, modified by Samsoom and Young [2] , measurement of the sternomental and thyromental distances, the mouth opening, and the mobility of the neck and the jaw. Indexes that are less commonly used in practice, such as the Wilson score [7] , and even the ASA difficult airway algorithm [5] , have been studied by some authors, with conflicting results.
One of the important characteristics of the present study is that the exclusion criteria were few, resulting in the inclusion of a broad range of patients. This is important since, in clinical practice, the anesthesiologist will be confronted with a wide diversity of patients and their respective physical constitutions and anatomical variations.
In addition to standardizing the patient's position (the sniffing position), it was also important to standardize the neuromuscular blocking drug (0.5 mg·kg −1 of atracurium, with a latency period of 3 -5 minutes), thus guaranteeing optimal conditions for endotracheal intubation in all the patients. Although the laryngoscopies were performed by residents, they were always confirmed by the chief anesthesiologist, who determined the Cormack-Lehane classification.
Shiga et al. [3] published a meta-analysis in 2005 showing that specificity and sensitivity were not high with any of the tests used alone to predict a difficult airway and that they may result in poor positive and negative predictive values. Combining these tests leads to slightly better indexes. Lundstrom et al. [4] reported similar results in a meta-analysis published in 2011 involving 177,088 patients in which only 35% of the patients in whom endotracheal intubation proved difficult had been identified as Mallampati III or IV. Adamus et al. [8] reported a sensitivity of 64.6% for the modified Mallampati classification in predicting cases of a difficult airway. In the present study, 50% of the patients (n = 2) in whom laryngoscopy was predicted to be difficult (Cormack-Lehane III/IV) were classified as Mallampati III/ IV, whereas those in whom intubation indeed proved difficult (1) or impossible (1) had been classified as Mallampati I/II. Although these results were not statistically significant in the present study (p = 0.54 and p = 0.56, respectively), they show a tendency towards agreement with the previously mentioned studies.
The historical importance of the Mallampati test is indisputable. Prior to 1985 when it was created [1] , investigators were already concerned with studying the airway and were aware of the need to identify reliable predictors of a difficult airway. Nevertheless, with the publication of new studies, this index has undergone criticism. Factors such as the positioning of the patient during the exam, the patient's ability to understand, the presence or absence of phonation, and pregnancy [9] may alter the patient's Mallampati class, which may explain the different incidence of Mallampati classes in the different studies. On the other hand, when studies use similar methodologies and have similar objectives, results tend to be concordant.
In the present study, the Wilson score successfully predicted 100% (n = 4) of the patients in whom laryngoscopy proved difficult (Wilson 2/3) (p = 0.01). This reflects the good sensitivity of this test. Specificity, however, was poor given that another 24 patients had the same Wilson score but were classified as Cormack-Lehane I/II. Furthermore, laryngoscopy proved simple in another two patients who had a Wilson score of ≥4. These results appear to be in line with the findings of Domi [10] , published in 2009, in which the Wilson score successfully predicted 82.5% of cases of difficult airway, a better result than the 22.5% found when the Mallampati classification was used in conjunction with the thyromental and sternomental distances.
Since the Wilson score takes various factors and anatomical characteristics into consideration rather than just one as in the case of the Mallampati classification, sensitivity and specificity tend to be higher. Moreover, the characteristics evaluated are well defined and well described, leaving less margin for subjectivity during the exam. This brings the various studies closer methodologically, ensuring that the results are in general comparable.
Some limitations of the present study must be mentioned. The total number of patients in the sample (81) is considered small for a study involving events that are relatively rare in the general population such as the case of a difficult airway. This may have been responsible for the lack of statistical significance in some of our results. Since this is a teaching and training institute for anesthesiologists, most of the data were collected by trainee physicians. Nevertheless, although data were collected by different individuals throughout the study period, all were duly trained for this function by the authors. Because the intubations were performed by resident physicians, the number of attempts recorded may have been less in some cases if the procedure had been performed by an experienced anesthesiologist. It should be emphasized that in the patient in whom intubation was unsuccessful by conventional laryngoscopy, the anesthesiologist responsible for the case also failed to intubate the patient and was obliged to resort to the use of a gum elastic bougie to successfully conclude the procedure.
The present study concludes that the Wilson score, despite being seldom used in clinical practice, is a highly sensitive predictor of a difficult airway, although its specificity is low. Further studies with larger sample sizes are required to confirm these findings and to obtain statistically significant results for the other indexes evaluated.
